The paper aims at assessing indicators and individual elements of e-government of selected countries in [2009][2010], and the interrelation of e-government with corruption in the public sector. The authors explore possible causal and dependency relations of the established interlink between e-government and public sector corruption. Although it is universally acknowledged that corruption is an evil, there is much debate over which determinants of corruption are important. Using econometric analysis for sizeable country samples the authors verified the closeness of interrelation between e-government indicators and ICT Development Index indicators, such as online services quality and ICT usage, on one hand, and the level of perceived public sector corruption, on the other hand. The major research papers were analyzed, along with international rankings and databases of international organizations. Based on the analysis recommendations for overcoming international e-government measurement constraints are put forward, as well as suggestions for future studies of the topic.
Introduction
Corruption and its manifestations, such as administrative barriers, is a well-described barrier to advancing any innovations (OECD, 2010) . Technological, process and organizational novelties introduced by government agencies, referred to as 'innovations in the public sector' 5 , are at the same time a solution to curb corruption and a very specific type of sectoral innovations.
Innovations in public services are widely viewed as necessary for improvement in performance and meeting the challenges of the budget constraints which many countries faced as a result of the economic downturn of [2008] [2009] . E-government 6 is one type of innovation in the public sector, which gained supporters among national governments and spread across economies at various stages of development. It is not only a way to make public services less expensive and more accessible, but is now viewed as underpinning innovation and change (OECD, 2009a: 24) .
The rapid pace of technological development inspired the creation of increasingly advanced ICT solutions that are capable of radically transforming both public institutions and private organizations (Yigitcanlar, Baum, 2006) . ICT offers tools for innovative interactions between a government and its citizens and smart ways to provide public services. Literature
argues that e-government can bring the government closer to citizens, overcoming the hurdles of bureaucracy, curbing corruption and making decision-makers more responsive to people's needs. The rationale behind its introduction, however, is most commonly that e-services are usually characterized by greater efficiency and transparency.
The global economic crisis became a challenge for e-government. The crisis has not only increased national budget deficits, but also deficits of sub-national governments: while tax revenues plummeted, demand for social welfare grew (among other factors, related to unemployment). The financial difficulties of sub-national administrations will most likely affect the regular ways of delivery of public goods and services 7 . Moreover, in countries with substantial regional autonomy these difficulties may hamper the stimulus plans introduced at the national level (OECD 2009b: 25) . At the same time, the crisis challenge may turn out as an opportunity, creating a good stimulus for advancing e-government as a cheaper and more effective option for providing state services to people and businesses.
Almost all OECD countries report that e-government may serve as a contribution to the economic recovery in 2009-2010, whether or not they have decided to include it as a formal part of their crisis response and recovery packages. According to an OECD survey, many of its member states have chosen to seize this occasion to accelerate the speed of its implementation (Ubaldi, 2011) . Similarly, in early 2010, the United Nations published a global survey on leveraging e-government at a time of financial and economic crisis. This went on to point to the importance of regulation and monitoring, restoring trust, moving from transparency to participation, data access and civil society, and improving international cooperation (United Nations, 2010) .
Besides the economic crisis, a number of previously known risks are associated with the introduction of e-government, including information security issues (i.e. vulnerability to cyber attacks, which may lead to misuse of personal information); unwanted intrusion of governments into personal life of citizens; and the social exclusion caused by 'digital divide'.
Both economically advanced and less advanced countries are prone to these risks.
This paper has the ambition to contribute to better understanding of the impact of specific public sector innovations (advancement of certain e-government aspects) upon greater, systemic changes (better control of corruption). The quantitative analysis below is made with sizeable country samples of 138 and 173 countries.
The scope and methodology
The study is aimed at assessing innovations in the public sector, which were introduced by selected countries by 2009-2010 in the sphere of e-government, and the interrelation of certain e-government aspects with control of corruption. We presume that supply (e-government infrastructure) and demand sides (use of e-services by citizens and business) of е-government have an impact on good governance and corruption.
Based on the study objectives, the following methodology was applied. First, major international ICT and e-government rankings were reviewed and analyzed to identify the data sources. Selected indicators of these rankings, listed below, were identified for further these innovative instruments appeared through regional development policy arrangements, which serve to prioritize public investment in regions through co-funding arrangements statistical and econometric analysis. In May 2010 the OECD started discussions with the major global e-government survey owners, academic research groups and OECD member-states, and suggested launching new e-government indicators with a focus on public sector performance. E-government rankings have been calculated for over a decade and laying the grounds for more advanced indicators, based on objective assessments (hard data). The idea is not to combine existing methodologies and indicators, but to develop completely new ones to be developed by a 'virtual taskforce'. The work will feed into the OECD's bi-annual report Government at a Glance 13 . Currently, the Report and its web-resource provide access to raw data, as well as composite indexes that regroup the key elements of public administration in human resource management, budgeting and regulation. 14 The maximum possible value of Index is one, the minimum is 0. The E-government Readiness measurement in EGDI is complemented by an E-participation Index. As of 2009-2010, in line with the updated methodology, EGDI consists of three subindexes: Online Service Index, Telecommunication Infrastructure Index and Human Capital Index. E-Participation Index attempts to bring some order to measurement of e-governance by positing the relevance of three factors in citizen engagement: electronic information dissemination, electronic consultation and electronic participation in decision-making.
services provided trough each country's national website as well as the websites of the ministries of education, labour, social services, health and finance were assessed.
While the second EGDI measure, Telecommunication Infrastructure Index 15 , may be helpful in verification of our hypothesis, the Human Capital Index 16 is less relevant for a number of advanced and mid-income countries like Canada, Russia, and the UK.
The UN E-Government Survey is published annually as E-Government Readiness
Report [United Nations, 2010] . The 2010 Report covered 191 countries and ranked them by egovernment readiness and e-participation. The top-5 countries are the developed countries:
Republic of Korea, the United States, Canada, the United Kingdom and the Netherlands.
Looking at the demand side, the leaders in EGDI E-participation Index are Republic of Korea, Australia and Spain. The national leaders in e-government within each World region were also pointed out. Of the World regions EGDI regional average is highest for Europe.
Most international e-government surveys encompass various ICT measurements, as positive e-government developments are possible with a wide and universal ICT diffusion.
Therefore, we looked into the level of ICT development in different countries around the globe as measured by the ICT Development Index 17 [ITU, 2009; ITU, 2010] . country (group of countries) with that in another country (group) at a certain point in time.
The digital divide may be defined as the relative difference in a measurement of a country's digital divide (i.e. by Orbicom Infostate Index), benchmarked against the simple average of all countries included in analysis [Orbicom, 2003] . Above-average performing countries were assigned a positive number, and below-average performing countries were identified by a negative number [ITU, 2010: 40] .
The analysis of IDI 2010 results showed the prevailing, although slightly shrinking, digital divide between those countries with very high ICT levels and those with lower levels.
This may be partly explained by the decelerating of ICT growth in the most advanced countries. At the same time, the top ranking countries have been advancing at a high rate thus increasing the gap with those ranking lowest. Moreover, ICT indicators have a relatively short time lag as compared to other development indicators. This increases the probability for countries at the bottom of the scale to catch up relatively fast, under the condition of due policy attention to their ICT sectors [ITU, 2010: 42-43] .
Our analysis of international rankings and individual indicators, available for some countries, testifies that the digital divide remains to be one of the major obstacles to the wide profusion of e-government not only in the developing world, but also in fast growing economies and in the economically advanced countries.
The wider introduction and use of ICT is influenced by the cost of ICT services. Based on the above analysis, we may note that the top ten countries in E-government Development Index and ICT Development Index cover the same five: Republic of Korea, Denmark, Netherlands, Norway and Great Britain. We also note the following tendency.
Despite the fact that countries ranking high in ICT development are gradually loosing their positions, they are gaining in e-government ranking. A possible explanation is that the digital divide between countries is reducing and the developing world is gaining better positions. It is also probable that in the areas of infrastructure and ICT skills the advanced countries are ready to pass on to the new level of communications, including the interaction between national governments and their citizens. The indicators analyzed above are briefly compared in Table 1 .
Although there are some limitations to the existing international e-government measurements as described above, the data provided by the international organizations that stand behind these measurements is valid and, for the most part, verifiable. At present the international organizations, owners of ICT and e-government international rankings, make very little use of official statistics in certain countries and rely on own sources: expert assessments, databases, questionnaire surveys, own studies of national web-sites. These limitations may lead to incomplete and partial information, which, in turn, may lead to inconsistency of ranking studies results. For instance, due to difficulties with data collection, EGDI 2010 was not able to encompass such aspects as cross-country differences in user-friendly design of services for various population groups; and share of service requests processed electronically and online in the total number of requests. The low response rate of national partners in multinational comparative studies (i.e. approx. 30% in EGDI 2010 Online Service Index) lead to a number of challenges, including language, with assessing national sources centrally (i.e. official web-sites).
Additional incentives are needed for countries to introduce various e-government indicators in their statistical practice. For instance, the European Union, which shows best practice here, has developed a benchmarking framework to track the progress towards its i2010 strategic goals. The sets of indicators, among other, cover availability and usage of online services by population and enterprises broken down by purpose, as well as issues of inclusion: computing disparity indices with household connectivity and usage indicators, eaccessibility, and measuring digital literacy.
E-government and corruption: a cross-country analysis
As it becomes clear with the international rankings, there are many features and functional components of e-government, and countries differ in their preference towards particular components, such as e-infrastructure, e-services, and access to public information, all of which have a rationale for an anti-corruption effect. Among the debated arguments are that e-government may help increase the transparency of procurements system, make public services more accessible and clear, and ensure a universal citizens' access to information [Norris and Zinnbauer, 2002] .
Ensuring easy citizen e-access to government information is another important good governance tool in ensuring the execution of state obligations and raising the accountability to citizens [Bellver and Kaufmann, 2005; Lederman, 2004] . Information allows the society to know, assess and demand the improvement of government performance on issues of social importance such as public safety, education, healthcare and more. Undoubtedly close public scrutiny limits public sector corruption [Kolstad and Wiig, 2008] .
A vital, if not the central motivation to implement e-government applications is to improve the quality of public services. This overall goal includes a number of very different improvements, all of which are related to curbing public sector corruption. They range from a faster delivery of certain services (e.g. licenses or permissions) to citizens, better access to public information and information exchange procedures, to cost savings in the government sector. In general, the relation between input and output/outcome of public service supply should be improved by a more efficient government management, i.e. with the use of technological public sector innovations, such as e-government applications.
Today bureaucratic barriers still hinder the adoption of a consistent and unified position, aligned among all government agencies (whole-of-government approach) to service delivery [Christensen and Laegreid, 2006; Halligan, 2006] . This approach requires a balance between efficiency and effectiveness, service quality and speed of delivery, user-friendly procedures and budget constraints.
The New Public Management approach views citizens as customers [Boston et al., 1996; Kaboolian, 1998; Nagel, 1997] . Certain countries have gone beyond this approach to treat citizens as partners in lay out, provision and evaluation of services. The presumption here is that greater efficiency in delivery of public services will depend on stronger collaborations with citizens and will result in reduction of costs, as well as savings of untapped resources, such as user time [OECD, 2009b] . However, much of the theoretic results within the New Public Management school have been achieved at micro-level and they very much rely on a national social, economic and political context [Pollitt, 1998: 65] , for instance, changes at micro-level (i.e. specific changes in management practice) resulting in systemic changes in the public management. There were very few evaluations at macro level focusing on impact assessment [Jones et al, 2001 ].
Effective and efficient e-government may indeed produce desirable effects on the overall social and economic situation in a country. Bureaucratic discretion may be reduced through higher decision making transparency and information openness attained by standardized rules and procedures. Automated processes should limit opportunities of government employees to extort money from citizens. Information delivered to citizens in a more timely manner is expected to increase the transparency of government and empower citizens to monitor government performance more effectively. Moreover, a reduction of personal interactions between public employees and citizens may also contribute to a reduction in the number of corrupt transactions [e.g. Bhatnagar, 2003; Clift, 2004; Andersen, 2009; Kim et al., 2009; Shim, Eom, 2009; Garcia-Murillo, 2010 ].
The authors' hypothesis, tested in the paper, is that e-government has an effect on the control of corruption. To prove the interlink between ICT infrastructure and ICT use, on one hand, and perceived level of public sector corruption, on the other hand, we performed a statistical correlation analysis of the Transparency International Corruptions Perception Index Table 2 ).
These results are an important step in proving the interlink between the level of ICT development, especially on the user side, with perceived level of public sector corruption.
Clearly, ICT is the necessary precondition for e-government and the source of public sector These results are in line with our hypothesis about e-government mitigating corruption, but they are hardly definitive. The highly significant positive correlation does not imply causality; either of the parameters could be the independent variable influencing the other; they might be linked in a virtuous circle; or both could be (more or less independent) products of some unmeasured structural features. The possible relations here may be explored further, for example, that higher corruption levels per se could well be a decisive factor for worse online service quality. If government officials are responsible for the implementation of e-government, we should expect such a positive correlation between CPI and OSI, as corrupt officials tend not to introduce technologies that they expect would reduce their discretionary freedom. At best, we would suppose them to introduce bad and ineffectual e-government services, which will weaken or even destroy the link between service quality and corruption levels.
Further problems arise if we take into account that both public sector corruption and egovernment implementation almost certainly depend on the level of democracy and the income level. For instance, Lederman et al. [2001] state that political institutions-such as democracy, political stability and other -are crucial in determining the prevalence of corrupt activities and lowering corruption. Van Dijk and Hacker [2003] found that such factors as income, education, and employment are strongly associated with higher possession of hardware for internet access and are thus responsible for gaps in Internet access (e.g. access to e-government).
Based on these studies we may presume that less democratic regimes are usually also more corrupt and are probably also less inclined to implement new technologies for improved communication with their citizens. Hence, a lower level of democracy will be associated with both more corruption and worse e-government services. Moreover, we would expect predominantly rich countries to provide the necessary telecommunications infrastructure which is a prerequisite for the introduction of online services. A country's economic wealth will therefore almost certainly play a decisive role for the implementation of e-government.
Finally, the quality of human capital, as measured by adult literacy rate or schooling level, will also be a determinant for the use of the internet in general and in particular for the implementation of the government online services (and their utilization). Both variables are commonly associated with GDP per capita, which, however, may in turn be influenced by corruption levels.
Indeed the empirical literature on the determinants of e-government implementation shows clear associations in line with this discussion. In a large cross-country sample, Kim factors that are supposed to be conducive to the world-wide spread of the internet use are also conducive to the implementation of e-government services. In a more recent study, Bussell [2011] finds that the adoption of e-government technologies depends on initial corruption levels. Politicians in countries with established high corruption are more likely to resist to the introduction of e-government services.
Hence, when testing the relationship between corruption and the use of e-government we observe a number of considerable and complex reverse causality and endogeneity problems. In this context, simple OLS estimates of the relationship between current corruption levels and online services will be biased even if additional controls are added to the specification. Thus, we switch to multivariate analysis -to Two-Stage-least-Squares (2-SLS)-regressions, looking for instrument variables that are on the one hand strongly related to the adaptation of high-quality e-government, and, on the other, not related to corruption levels [e.g. Wooldridge, 2005, ch. 15] . Table 3 We use two different measures of e-government quality. The Government Online Service Index (OSI) is measured as described above, to account for the degree of userfriendliness and the amount of content offered on the government websites. The Egovernment Readiness Index (EGOVRI), also from the United Nations [2010] , additionally takes into account the quality of a country's telecommunication infrastructure and its human capital (school enrollment and adult literacy). EGOVRI therefore provides a more comprehensive picture of e-government availability.
As a first attempt to reduce possible reverse causality problems, we regressed current CPI-levels in 2010 on OSI and EGOVRI-levels in 2005. This is similar to say that the quality of services has an impact on subsequent corruption levels, less on contemporary corruption. A lag of 5 years is justified further by the fact that the impact of better e-government service availability on corruption does usually not lead to an immediate reaction of perceived Columns (1) and (2) the CPI. This is partly due to collinearity, but it may also show that an extremely high relation of EGOVRI to the CPI is driven primarily by infrastructure quality and not by the quality of provided online services.
In equations (4) to (6) we re-estimated (1) -(3) by 2SLS, and modeled the egovernment variables OSI and EGOVRI as endogenous. We only used one excluded instrument, i.e. the (log of) population size in the year 2000. There is no reason to believe that population size and corruption levels are systematically related. A simple correlation test confirms this (r = -0.12). But we examine this variable because it could be argued that adoption of e-government online services is especially helpful in populous countries (because of the increasing returns to scale that could be expected). The first stage regressions clearly confirm this assumption. In all estimates the (logged) population variable is significant and positively related to the OSI. The partial R 2 of the excluded instrument is around 0.3 in (4) and (6) and still 0.14 in (5). F-test values above 10 are also an indication that the first stage instrument is valid. Using only one instrument and one endogenous variable, the equation is exactly identified.
The results show a somewhat different picture as compared to simple OLS. In (4) and (5) the e-government indicators are negatively related to the CPI, though the coefficients are not significant. Hence, there is no indication that the adoption of e-government services is related to a reduction in corruption levels. Adding the infrastructure control variable in (6), the coefficient of OSI even turns its sign and becomes negative at a 1 percent confidence level, while INFRASTRUCTURE is strongly positively related to the CPI. Again, this is an indication that not the introduction of online services but, instead, a better telecommunications infrastructure is associated with a better corruption performance.
Thus, we found no stable relation between the quality of e-government services and the corruption level as measured by the Transparency International CPI measure. 20 We suspect that the often found positive relation between government adoption of e-services and corruption containment mainly works through the infrastructure channel. Hence, measures
that assess the quality of e-government services inclusive of infrastructure variables may lead to misleading results. The extremely optimistic view about the anti-corruption effects of egovernment should be seen with more skepticism.
Conclusion
In the paper we have first reviewed international measurements of e-government and selected the most appropriate indicators, having briefly outlined the strengths, as well as shortages of aggregate e-governance measures. We then attempted to explore possible causal and dependency relations of the established interlink between e-government and public sector corruption. As a result of econometric analysis we found no stable relation between the quality of e-government services and the corruption level as measured by the Transparency International CPI measure. At the same time it was demonstrated in the paper that the often found positive relation between government adoption of e-services and corruption containment may work through the infrastructure channel.
Thus for further research into the subject it would be beneficial to use, where possible, individual (not aggregate) indicators, possibly in cooperation with the international organizations, the primary data owners and data holders. It may be of use to look at time series, adding the new data as it becomes available, as well as explore other aspects of egovernment as variables. The presumption that needs to be verified is that different egovernment components have a different, at times divergent, impact upon containment of corruption in the public sector. 20 The results hold if we use the World Bank's "Control of Corruption" measure (data were available for 2009 instead of 2010). , whereby x and y are sample average AVERAGE(array1) and AVERAGE(array 2). 
